Purification and characterization of adenylate cyclase from Escherichia coli K12.
Adenylate cyclase of Escherichia coli K12 has been purified 17,000-fold to near homogeneity from a 5-fold overproducing strain. One major band of Mr = 92,000 and several minor bands are seen on sodium dodecyl sulfate-polyacrylamide electrophoresis of the purest fractions. Identification of the enzyme with the 92,000-Da protein is based on the correlation of this band with activity when highly purified enzyme is eluted from ADP-sepharose columns. The native enzyme has a molecular weight of 95,000 determined by gel filtration, showing that the enzyme is active as a monomer. The purest enzyme has a specific activity of 700 nmol min-1 mg-1, indicating a turnover number of about 100 min-1. Our data indicate that there are only about 15 molecules of the enzyme in wild type cells of E. coli. In crude extracts, over 80% of the activity is soluble after centrifugation at 100,000 x g, indicating the enzyme is soluble or, at most, loosely membrane bound. The enzyme is only moderately stable in crude extracts and becomes more unstable as purification proceeds. Activity is stabilized by ATP, or at -20 degrees C as an ammonium sulfate precipitate or in 50% glycerol. The enzyme has an absolute requirement for divalent cations. Maximum activity with Mg2+ is reached at 30 mM. Mn2+ is a good substitute; Co2+ activates well at low concentrations but becomes inhibitory at high concentrations; and Ca2+ is a potent inhibitor in the presence of Mg2+. The isoelectric point of the enzyme is 6.1, and its pH optimum is 8.5. The enzyme is inhibited by its substrate, with a Km of about 1 mM and a Ki of about 1.5 mM, and is noncompetitively inhibited by PPi, ADP, GTP, and a number of other compounds. The data suggest that dissociation of PPi from the first enzyme-product complex is the rate-limiting step in the reaction. Activation of the enzyme, inferred to occur in vivo, could be produced by a postulated regulatory effector which speeds release of PPi from the enzyme-product complex.